Abbreviation list
Supplementary Data S1: Derivation of general relations between surface temperature and sensible and latent heat flux S1.1. Transfer of sensible heat
In air, heat can be transferred by diffusion or by convection. In diffusion, the heat transfer is caused by the movement of individual molecules. It is the dominant transfer mechanism in air within the stomatal cavities (Dingman, 2002; Jones, 1992) . When air flows over a system, the velocity of the flow is altered near the system's surface. The air adjacent to the surface is trapped by large friction forces and does not move. The air flowing immediately above the still air will be slowed down by the friction of the still air. On its turn, the slower airflow will slow down the airflow immediately above, and so on. These friction processes create a laminar flow pattern, with the flow speed of the lamina increasing with increasing distance from the surface, and give rise to a boundary layer. By definition, the boundary layer extends to the streamline whose flow is 99% of the free flowing air. At higher wind speeds, the laminar flow breaks down into turbulent flow and eddy currents are formed, transferring the energy through convection at rates of 10 5 of those of diffusion. Convection is the dominant process of heat exchange between the leaves/canopy and the air. There are two types: free convection is air movement caused by changes in air density and occurs when air above a heated surface expands and rises. Forced convection takes place when the air movement is determined by an external pressure gradient causing wind (Jones, 1992) . In ecosystems, free convection is only important at low wind speeds. Energy and vapor are predominantly transferred by forced convection (Dingman, 2002; Jones, 1992) .
The heat exchange process can be described by Fick's First Law of Diffusion, generalized for convection processes:
with F z (x) the flux density of constituent x in direction z (perpendicular to the surface), C(x) the concentration of x and K x the convection coefficient [m² s -1 ]. The transfer takes place in the boundary layer, whose length is referred to as l BL , between the surface and the freeflowing air. In the simplest case, the flux is constant over the boundary layer and K x does not change with the position over it. Integrating Eq. 10 gives:
with C s (x) and C a (x) the concentration of x at the surface and in the free flowing air, respectively. ∆C(x) = C s (x) -C a (x), the concentration difference between the surface and the free-flowing air, is the (apparent) driving force of the transfer process.
In Eq. S2, the term K 
. To apply Eq. S1 for heat transfer, the concentration of (sensible) heat (h; [J m -3 ]) in a volume of air must be considered (Dingman, 2002) : (Jones, 1992; Monteith, 1973; Pal Arya, 2001) :
with T 0 the aerodynamic temperature at the surface, T a the air temperature and r aH the resistance of diffusive heat transfer to air.
S1.2. Transfer of latent heat
The ideal gas law states that (Dingman, 2002; Jones, 1992) :
with ρ v the concentration of water vapor in a volume of air [kg m -3 ], e the vapor pressure
[kPa] and R v the gas constant for water vapor [kJ kg -1 K -1 ]. The gas constant for air, R a , is equal to 0.622 R v . It follows from Eq. S6 and the ideal gas law that: surface to the air is given by (combining Eqs. S1-S3 and A7):
with r v the total resistance to vapor transport and e a and e s the vapor pressure in the air and at the surface (i.e. in the substomatal cavities, in the case of vegetation) (Jones, 1992) . In these cavities, it is correct to assume that the air is saturated with water vapor and that the corresponding saturated vapor pressure is a function of T 0 . e s is then denoted as e * s (T 0 ) (the * indicates that the air is saturated with vapor) and can be calculated using the empirical formula:
with T 0 in °C and e * s (T 0 ) in Pa, b = 17.502, c = 240.97 and a = 613.75 or, in case P deviates from the atmospheric pressure, a = 611.21 (1.0007 + 3.46 10 -8 P), with P in Pa (Jones, 1992) .
Based on Eq. A8, the latent heat flux is (Dingman, 2002; Jones, 1992) :
The psychrometric constant γ [kPa K -1 ] is defined as:
In fact, γ is not a constant but depends on T a (see Supplementary Data 3 in Jones (1992) for the influence of T a on γ). Combining Eqs. 23 and 24 gives: 
Filling in Eq. S13 into Eq. 14 and combining with Eq. 10 gives:
Eq. S14 can be recombined to express the latent heat flux in terms of the other energy fluxes and the resistances to water vapor and sensible heat exchange:
Eq. S15 is the Penman-Monteith equation (Monteith, 1965) , a very commonly applied equation to calculate evapotranspiration (Allen et al., 1998; Brutsaert, 1982) .
In one-source models of vegetations, r V = r c + r aH (Section 3.3). For fully wet canopies, r c = 0 and r V = r aH , and Eq. S15 becomes:
Eq. S16 expresses the maximally possible λE as a function of the weather conditions. Priestley and Taylor (1972) suggested that if a very large area would be fully saturated (fully wet), the above-lying air mass would become saturared with moisture, so that δe = 0. In that case, Eq. S16 becomes (ignoring S) λE ൌ ௦ ௦ାஓ ሺR ୬ െ G ୧ ሻ, or that the maximal possible λE is predominantly influenced by R n . Next, they plotted time series of λE and ሺR ୬ െ G ୧ ሻ for a number of available datasets of several scale levels, and found that this equation was indeed valid when it was multiplied with an empirical parameter, α PT . The potential λE of a system or vegetation is then given by (Priestley and Taylor, 1972) :
With α PT = 1.26 for unstressed vegetation. Eq. S17 is known as the Priestley-Taylor equation.
Although the equation may seem simplistic at first view, it was found to give reliable estimates of λE of unstressed vegetations (Baldocchi, 1994; McNaughton and Spriggs, 1989; Norman et al., 1995) and is used in the Two-Source Models (Section 4.6) for a first estimated of T c (T c,est ).
Supplementary Data S2: Calculation of resistance to sensible and latent heat transport in air
A.2.1 Momentum flux
As explained in Section 3.1.1, when wind blows over a surface, the transfer of vapor, mass and energy occurs via turbulent eddies. This exchange can be calculated by considering the vertical transfer of momentum (M), the product of mass and velocity. The flux density of momentum transfer F z (M) over z can be described, according to Fick's law, by calculating the differences in concentration of momentum over z. The concentration of momentum is the product of air density ρ a and wind speed u. Because ρ a does not vary with z, it follows from Eq. S1 that (Dingman, 2002; Jones, 1992) :
This momentum flux density is the shear or friction stress (τ f ) that adjacent layers exert on each other and that gives rise to the formation of the eddy flows.
In a boundary layer, the average wind speed always increases with increasing distance from the surface. The wind profile above a surface can be mathematically expressed as a logarithmic function (Pal Arya, 2001) :
where a is a constant, d the zero displacement height and z 0M the roughness length of momentum. This logarithmic profile is only correct under nearly neutral conditions and must be adapted in case of stable or unstable conditions (see Section A.2.3). Note that at height z = d + z 0M the wind velocity is zero. This is the height of the apparent sink of momentum (i.e.
where the "big leaf" of momentum exchange is situated).
In the boundary layer, τ f is constant over the height z. Consequently, the product ሺK ఋ௨ ఋ௭ ሻ must also be constant (Eq. S18). From ] is defined as ‫ݑ‬ ‫כ‬ ൌ ඥ߬ ߩ ⁄ and is a measure of the speed or effectiveness of the turbulent eddies. It follows that ‫ݑ‬ ‫כ‬ ൌ √ܽ ܾ. A new dimensionless variable k is defined as:
It was experimentally proven that this variable k is a constant (k = 0.41), called the von Karman constant. It follows that a = u * k -1 or (combining Eqs. S19 and S20):
Eq. S21 is known as the Prandtl-von Karman universal velocity distribution for turbulent flows. It can be rewritten as:
With z u the height at which wind speed is measured. Eq. S22 allows estimating u * from meteorological data, provided estimations of d and z 0M are available.
From a = u * k -1 and u * = √ܽ ܾ, it follows that b = k u * and:
A.2.2 Calculation of resistances to sensible and latent heat exchange
The eddies that transport the momentum heat flux are also involved in the transfer of sensible and latent heat. Therefore, the relations for the momentum flux can be applied to derive those of the sensible and latent heat flux. This means that the eddy transfer coefficients for sensible flux can be written in a form analogous to Eq. S23 (Brutsaert, 1982) :
k H is are the von Karman constants for sensible heat and is defined as:
with k the von Karman constant and a H a parameter that has to be determined experimentally.
Completely analogous equation can be written for K λE , with the parameters k λE and a λE instead of k H and a H .
The Reynolds Analogy or similarity hypothesis states that, in a turbulent system, the turbulent exchange coefficients K H , K M and K λE are identical; hence, in turbulent systems, a H and a λE should be equal to 1 (Rosenberg et al., 1983) . This analogy does not hold, however, in nonneutral conditions (Section S2.3), particularly for taller vegetations as forests (Thom et al., 1975) . Even in neutral conditions, the analogy is disputed (ASCE, 1996; Brutsaert, 1982) .
However, it may serve as a working approximation in these conditions (Brutsaert, 1982; Prueger and Kustas, 2003) .
Recall that the sensible heat flux H ൌ െ‫ܭ‬ ு ߩ ܿ ఋ் ఋ௭
with K H the eddy transfer coefficient for sensible heat flux (Eq. S5). Combining with Eqs. S22 and S24 gives:
Integrating Eq. S18 gives (see Eq. S19):
With z T the height where T a is measured. Note that in Eq. S27 the denominator in the lnfunction is z 0H , the roughness length for sensible heat exchange. This roughness length is not the same as that of the momentum flux (z 0M ) which was introduced in Eq. S19. In fact, z 0H is smaller than z 0M . As mentioned, the momentum sink is the height where the wind speed is equal to zero and occurs at height (d + z 0M ). However, sensible heat is exchanged throughout the entire canopy and the virtual big leaf of sensible heat exchange is situated at a lower level (d + z 0H ) than the big leaf of momentum exchange.
Filling in Eq. S20 in Eq. S27 gives:
From Eq. S5, it follows that the resistance to sensible heat transport is given by:
The derivation of latent heat flux exchange is analogous. It follows from Eqs. S12 and S29
that:
Wit z δe the height of the δe-measurement (Usually, z δe =z T ). The sink for latent heat coincides with that of sensible heat, or z 0H = z 0λE and:
A.2.3. Atmospheric neutrality, stability and instability When a parcel of air is transported upwards in an eddy, it cools adiabatically, at a temperature of -1K and -0.6K per 100 m vertical displacement in dry and wet atmospheric conditions, respectively. Conditions are neutral if the actual lapse rate of the air (dT a /dz) is the same as these lapse rates of adiabatic cooling ( Figure S1 ). However, if the actual lapse rate is steeper than the adiabatic lapse rate, the air in the eddies is warmer than the surrounding air; in this case, buoyancy effects cause the eddies to keep rising, creating unstable atmospheric conditions in which the sensible and latent heat are transported more rapidly. This is what happens at days when low wind speed and high radiance levels cause large warming of the surface, leading to free convection. In case the actual lapse rate is lower than the adiabatic lapse rate, the air in the eddies is cooler than the surrounding air and therefore rises more slowly. In these stable conditions, vertical transport and exchange of energy and vapor is limited.
If conditions are not neutral, the sensible and latent heat fluxes are affected in two ways. First, only under neutral conditions, the Reynolds Analogy is valid and a H = a λE = 1 (see discussion in previous section -Eqs. S22 and S23). In stable conditions, a H and a λE are smaller than 1; in unstable conditions, they are larger than 1 (Rosenberg et al., 1983) .
Second, the description of the wind profile with the logarithmic function is no longer accurate in non-neutral conditions. This can be accounted for by multiplying the right-hand side of Eq. S16 with the dimensionless stability function φ M :
It is more convenient to use the integration of φ M , Ψ M , the Monin-Obukhov stability function for momentum (ASCE, 1996) , in which case Eq. S17 can be integrated to:
This is an extension of Eq. S18 for non-neutral conditions. In case the denominator of the logarithmic function is z 0H , another stability function, Ψ H , has to be used. Eq. S12, for instance, becomes in non-neutral conditions:
Two variables were defined to evaluate the stability of the atmosphere and to estimate a H , a λE , Ψ M and Ψ H . The Richardson number Ri is defined as (Brutsaert, 1982; Prueger and Kustas, 2003) : (Samson, 2001 ).
The atmospheric stability can also be assessed with the Monin-Obukhov length L, which can be calculated as (Monin and Obukhov, 1954) :
As H is required for its calculation, L can only be calculated through an iterative procedure, making its assessment more problematic. However, its use is recommended over Ri, particularly in stable conditions (ASCE, 1996 (1996) and in Brutsaert (1982) .
Supplementary Data S3: Derivation of CWSI
A reformulation of the Penman-Monteith equation is required to derive CWSI (Supplementary Data A.1.3; Eq. S15 and taking r V = r aV + r c = r aH + r c ):
The potential crop has the same r aH and r aV as the actual crop and is transpiring at a maximal rate, λE pot , with an associated minimal resistance r c,pot . If differences in R n , G i and S between the actual and the potential crop are ignored, the ratio of the actual crop evapotranspiration λE and λE pot can be calculated from Eq. S36 as:
The crop water stress index is defined as:
Eq. S38 is the analytical formulation of CWSI. The CWSI is a number between 0 (no water stress) and 1 (maximum water stress). Assuming R n -λE = H (ignoring G i and S in Eq. 10) and T c = T 0 , Eq. S38 becomes:
where ∆T = (T c -T a ). Re-arranging Eq. S39 gives:
∆T pot = (T pot -T a ) is the potential crop canopy -air temperature difference corresponding with λE pot and r c,pot . It is estimated from Eq. S40 as:
If differences in R n between the actual and the potential crop are again ignored, the difference between ∆T pot and ∆T can be calculated from Eqs. S40 and S41:
A dry crop has λE dry = 0 and therefore, g c,dry = 0 and r c,dry = ∞. ∆T dry can be calculated from Eq. S40 as:
The difference between ∆T dry and ∆T pot can be calculated by combining Eqs. S41 and S43:
The ratio of (∆T pot -∆T) and (∆T pot -∆T dry ) is (Eqs. S42 and S44):
Note that the term on the right-hand side of Eq. S31 is the same as that of Eq. S38. It follows that:
Supplementary Data S4: Overview Table of non-water stressed baseline equations (Idso et al., 1981; Idso, 1982) Alfalfa (Dry year) 6.22 -3.93 Kansas, USA (Kirkham et al., 1983) Alfalfa (Wet year) 1.07 -1.25 Kansas, USA (Kirkham et al., 1983) Alfalfa 3.57 -2.49 Iowa, USA (Hattendorf et al., 1988) Alfalfa 0.99 -1.93 New Mex, USA (Abduljabbar et al., 1985) Alfalfa 0.28 -1.84 California, USA (Grimes et al., 1992) Barley (Pre) 2.01 -2.25 Arizona, USA (Idso, 1982) Barley (Post) 1.72 -1.23 Arizona, USA (Idso, 1982) Barley 4.20 -2.60 ns (Jensen et al., 1990) Barley (Pre) 3.10 -1.90 ns (Jensen et al., 1990) Barley (Post) 15.90 -14.10 ns (Jensen et al., 1990) Bean 2.73 -2.03 Turkey (Erdem et al., 2006) Bean 2.91 -2.35 Arizona, USA (Idso, 1982) Bean (dwarf green bean) 3.65 -2.75 Turkey (Koksal, 2008) Beet 5.16 -2.30 Arizona, USA (Idso, 1982) Bermudagrass 0.86 -1.06 Turkey (Emekli et al., 2007) Broccoli (Spring) 4.64 -2.58 Turkey (Erdem et al., 2010) Broccoli (Summer) 4.79 -5.59 Turkey (Erdem et al., 2010) Chard 2.46 -1.88 Arizona, USA (Idso, 1982) Cherry 0.16 -1.09 Turkey (Köksal et al., 2010) Corn 3.11 -1.97 Arizona, USA (Idso, 1982) Corn 2.28 -0.21 Iran (Kashefipour et al., 2006) Corn 1.39 -0.86 Antalya, Turkey (Irmak et al., 2000) Crop ( (Yazar et al., 1999) Corn 2.95 -1.78 Argentina (Carcova et al., 1998) Corn -3.77 -1.10 India (Kar and Kumar, 2010) Corn 2.67 -2.05 ns (Nielsen and Gardner, 1987) Corn 2.14 -1.97 N Dak, USA (Steele et al., 1994) Corn 0.83 -1.92 ns (Stegman, 1986) Cotton 0.58 -1.78 California, USA (DeTar et al., 2006) Cotton 1.87 -1.29 ns (Ehrler, 1973) Cotton 1.49 -2.09 Arizona, USA (Idso, 1982) Cotton 1.20 -2.24 ns (Reginato, 1983) Cotton 0.51 -1.47 Pakistan (Usman et al., 2009) Cowpea 1.32 -1.84 Arizona, USA (Idso, 1982) Cowpea 1.62 -0.11 Iran (Sepaskhah and Ilampour, 1996) Cucumber 4.88 -2.52 Arizona, USA (Idso, 1982) Cucumber (2002) 3.92 -1.67 Turkey (Simsek et al., 2005) Cucumber (2003) 4.91 -1.86 Turkey (Simsek et al., 2005) Fig tree 4.22 -1.77 Arizona, USA (Idso, 1982) Guayule 1.87 -1.75 Arizona, USA (Idso, 1982) Kohlrabi 2.01 -2.17 Arizona, USA (Idso, 1982) Lettuce, leaf 4.18 -2.96 Arizona, USA (Idso, 1982) Melon 0.81 -2.07 Brazil (da Silva et al., 2007) Nectarine 4.42 -1.32 Portugal (Garcia et al., 2000) Pea 2.74 -2.13 Arizona, USA (Idso, 1982) Pistachio trees 2.44 -1.33 California, USA (Testi et al., 2008) Potato 1.17 -1.83 Arizona, USA (McCann et al., 1992) Potato 0.20 -2.00 Idaho, USA (McCann et al., 1992) Crop ( (Erdem et al., 2005) Potato (Drip irr) 1.75 -1.84 Turkey (Erdem et al., 2005) Pumpkin 0.95 -1.93 Arizona, USA (Idso, 1982) Rape 4.50 -2.70 ns (Jensen et al., 1990) Rape (Pre) 6.70 -4.60 ns (Jensen et al., 1990) Rape (Post) 4.50 -2.60 ns (Jensen et al., 1990) Rutabaga 3.75 -2.66 Arizona, USA (Idso, 1982) Saffron 12.2 -0.25 Iran (Shirmahammadi-Aliakbarkhani et al., 2006) Sorghum 4.00 -1.88 France (Ajayi and Olufayo, 2004) Sorghum 3.76 -2.51 France (Olufayo et al., 1996) Soybean 1.44 -1.34 Kans, Nebr & NDak, USA (Idso et al., 1981; Idso, 1982) Soybean 2.51 -2.02 Colorado, USA (Nielsen, 1990) Squash (hubbard) 6.91 -3.09 Arizona, USA (Idso, 1982) Squash (zucchini) 2.00 -1.88 Arizona, USA (Idso, 1982) Sugar Beet 2.50 -1.92 Arizona, USA (Idso, 1982) Sugarcane 2.33 -1.77 Reunion Island (Lebourgeois et al., 2010) Sunflower 0.66 -1.95 Kansas, USA (Idso, 1982) Sweet lime 3.61 -1.74 Iran (Sepaskhah and Kashefipour, 1994) Tomato 2.86 -1.96 Arizona, USA (Idso, 1982) Turfgrass 4.70 -0.86 Georgia, USA (Carrow, 1993) (Carrow, 1993) Turfgrass (Meyer zoysia) 6.26 -1.41 Georgia, USA (Carrow, 1993) Turfgrass (Common centipede) 4.69 -0.86 Georgia, USA (Carrow, 1993) Turfgrass (Common bermuda) 8.37 -2.46 Texas, USA (Horst et al., 1989) Turfgrass (Raleigh St. Aug.) 6.84 -2.28 Texas, USA (Horst et al., 1989) Crop ( (Horst et al., 1989) Turfgrass (Falcon tall fescue) 6.47 -2.42 Texas, USA (Horst et al., 1989) Turfgrass (Kent. Blue) 7.70 -2.20 Kentucky, USA (Throssell et al., 1987) Turnip 1.94 -2.26 Arizona, USA (Idso, 1982) Water lily 8.99 -1.93 Arizona, USA (Idso, 1982) Watermelon (1999) 0.47 -1.20 Turkey (Orta et al., 2003) Watermelon (2000) 3.05 -1.11 Turkey (Orta et al., 2003) Watermelon 0.84 -1.03 Turkey (Kirnak and Dogan, 2009) Wheat 0.41 -1.50 Colorado, USA (Alderfasi and Nielsen, 2001) Wheat (Pre) 3.38 -3.25 Arizona, USA (Idso, 1982) Wheat (Post) 2.88 -2.11 Arizona, USA (Idso, 1982) Winter wheat (Pre; Sonalika) -1.26 -1.75 India (Gontia and Tiwari, 2008) Winter wheat (Post; Sonalika) -1.11 -2.08 India (Gontia and Tiwari, 2008) Winter wheat (Pre; Scout) 0.84 -1.81 Texas, USA (Howell et al., 1986) Winter wheat (Post ; Scout) 1.75 -1.25 Texas, USA (Howell et al., 1986) Winter wheat (Pre; Sturdy) 1.13 -1.84 Texas, USA (Howell et al., 1986) Winter wheat (Post; Sturdy) 1.96 -1.41 Texas, USA (Howell et al., 1986) Winter wheat (Pre; TAM-105) 0.93 -1.98 Texas, USA (Howell et al., 1986) Winter wheat (Post; TAM-105) 1.63 -1.33 Texas, USA (Howell et al., 1986) Winter wheat (Pre; TAM-108) 0.50 -1.64 Texas, USA (Howell et al., 1986) Winter wheat (Post; TAM-108) 1.26 -1.19 Texas, USA (Howell et al., 1986) Pre = Pre-heading; Post = Post-heading; irr = irrigation Kan = Kansas, Nebr = Nebraska, Ariz = Arizona, Minn = Minnesota, N Dak = North Dakota; New Mex = New Mexico
Supplementary Data S5: Calculation of R ni
The isothermal net radiation R ni [W m -2 ] of a surface was introduced by Jones (1992) . It is defined as the net radiation that would be received by an identical surface if it were at air temperature. R ni is mathematically expressed as: 
The right-hand term of Eq. S48 is obtained by substituting T l with T a + (T l -T a ) in the previous term and by considering all terms of (T l -T a ) n with n ≥ 2 as negligible.
The term 4 ε σ T ୟ ଷ ሺT ୪ െ T ୟ ሻ can be rewritten as ൬ 
The isothermal net radiation can then be written as a function of net radiation as (Jones, 1992) :
If this 'virtual' longwave radiation heat flux is considered, a leaf can lose sensible heat through two parallel processes, namely the longwave radiation heat flux with resistance r R and the sensible heat flux with resistance r aH . The "adjusted" total sensible heat flux (H adj ) of the leaf can be calculated as (Eq. 14): Figure S1 . Influence of weather conditions air temperature (T a ), incoming shortwave radiation (K in ,), wind speed (u) and vapor pressure deficit (δe) on (T dry -T l ). See Fig. 8 for a detailed description.
